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Abstract
Objectives To facilitate the best approach during cleft palate surgery, children are positioned with hyperextension of the neck.
Extensive head extension may induce intraoperative cerebral ischemia if collateral flow is insufficient. To evaluate and monitor
the effect of cerebral blood flow on cerebral tissue oxygenation, near-infrared spectroscopy has proved to be a valuable method.
The aim of this study was to evaluate and quantify whether hyperextension affects the cerebral tissue oxygenation in children
during cleft palate surgery.
Materials andmethods This prospective study included children (ASA 1 and 2) under the age of 3 years old who underwent cleft
palate repair at the Wilhelmina Children’s Hospital, in The Netherlands. Data were collected for date of birth, cleft type, date of
cleft repair, and physiological parameters (MAP, saturation, heart rate, expiratory CO2 and O2, temperature, and cerebral blood
oxygenation) during surgery. The cerebral blood oxygenation was measured with NIRS.
Results Thirty-four children were included in this study. The majority of the population was male (61.8%, n = 21). The mixed
model analyses showed a significant drop at time of Rose position of − 4.25 (69–74 95% CI; p < 0.001) and − 4.39 (69–74 95%
CI; p < 0.001). Postoperatively, none of the children displayed any neurological disturbance.
Conclusion This study suggests that hyperextension of the head during cleft palate surgery leads to a significant decrease in
cerebral oxygenation. Severe cerebral desaturation events during surgery were uncommon and do not seem to be of clinical
relevance in ASA 1 and 2 children.
Clinical relevance There was a significant drop in cerebral oxygenation after positioning however it is not clear whether this drop
is truly significant physiologically in ASA 1 and 2 patients.
Keywords Cerebral blood oxygenation . Cleft palate .
Near-infrared spectroscopy . NIRS . Rose position .
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Introduction
Cleft palate is one of the most common disorders in newborn
infants [1]. The incidence of cleft lip/palate in The Netherlands
ranges from 1.4 to 2.1 per 1000 [2]. There is still no universally
accepted treatment approach timing of cleft repair. Surgical
repair of a cleft palate is preferably performed at young age to
advance the development of normal speech, hearing, and feed-
ing with minimal maxillary outgrowth restriction [3, 4]. During
surgical cleft repair, the patients are positioned with
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hyperextension of the neck according to Rose position (Fig. 1).
The Rose position is also often used for tonsillectomy,
adenoidectomy, or uvulopalatopharyngoplasty to facilitate the
best surgical approach [5].
Generally, sufficient cerebral blood supply is maintained
by intra-cerebral collateral flow and cerebral blood flow is
kept within normal range by autoregulation, even if the flow
in one or more arteries is compromised. However, extensive
head rotation or extension may induce intraoperative cerebral
ischemia if the collateral flow is insufficient due to congenital
abnormalities. Several studies have concluded that neck rota-
tion and/or extension resulted in a change of blood flow in
adults [6–8]. Also, venography in an infant cadaver showed
that rotation of the neck leads to functional occlusion of the
ipsilateral internal jugular vein due to twisting of the vessel on
its axis [9, 10]. Theoretically, Rose position could lead to
compression of the vein in the neckwhich in turn could further
attenuate the cerebral blood flow and concomitant impairment
of cerebral tissue oxygenation. Thus far, it is not known
whether Rose position compromises cerebral blood flow and
if it could consequently decrease the cerebral tissue
oxygenation.
Impairment of cerebral blood flow could result in neuro-
logical damage (e.g., motor and cognitive impairments) since
certain cerebral regions (gray matter nuclei, region between
anterior and posterior cerebral arteries, region between middle
and posterior arteries) are particularly vulnerable to a decrease
in brain perfusion pressure [11].
To evaluate and monitor the effect of cerebral blood flow
on cerebral tissue oxygenation, near-infrared spectroscopy
(NIRS) has proved to be a valuable method [12]. Studies,
where the de brain oxygenation was measured by using
NIRS, have shown that body posture alteration (head eleva-
tion, prone, supine, and 90°-neck flexion during shoulder op-
erations) in adults leads to a decrease in the mean arterial
pressure (MAP) and cerebral perfusion of the brain [13–15].
To our knowledge, this is the first study examining the
effect of Rose position on cerebral blood flow and cerebral
tissue oxygenation in children. This study hypothesizes that
the Rose position in supine positioned children affects the
cerebral blood flow and concomitantly attenuates cerebral
tissue oxygenation. Therefore, the present study aims to eval-
uate and quantify whether Rose position affects the cerebral
tissue oxygenation in children who undergo cleft palate sur-
gery. Our secondary objective was to evaluate whether cere-
bral tissue oxygenation reached below a critical limit during
cleft palate surgery and if so, to observe possible concomitant
brain tissue ischemia by means of neurological examination.
Patient and methods
Clinical data
Children under the age of 3 years old who underwent cleft
palate repair at the Wilhelmina Children’s Hospital, UMCU,
in The Netherlands were included for this prospective study.
All children were operated betweenMay 2015 andMay 2017.
All children were operated by two experienced pediatric plas-
tic surgeons, specialized in the treatment of cleft palate. Only
children classified as ASA 1 or 2 and in which the anesthesia
lasted longer than 30 min were included for the study.
Patients were excluded from the study if the application of
NIRS probes would be impractical (e.g., surgery of head or
neck combined with cleft palate surgery). Additionally, chil-
dren were excluded if they had a medical history of neurolog-
ical abnormalities, skull/scalp/frontal brain malformation, ma-
jor cardiac deformations, or antihypertensive medication.
This study protocol did not bring any additional health
risks. Permission for this study was obtained from the local
Medical Ethical Board (number 15–254/C). Written informed
consent was obtained from parents.
Data collection
Medical history, body weight at the time of surgery, and ASA
classifications were obtained and the tissue brain oxygenation
was collected from NIRS. In addition MAP, saturation, heart
rate, expiratory CO2 and O2 (etCO2 and etO2), and tempera-
ture were perioperatively collected by Anesthesia Information
Management System (AIMS, Anstat, version 2.0.4, 2015,
Carepoint, Ede, The Netherlands). MAP was measured every
Fig. 1 a. The patient is supine positioned during baseline measurement and a photo is taken. b. Rose positioning: A towel is placed under the neck and
proximal part of the shoulder. When head position adjustment has been applied a second photos is taken
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5 min, and all other physiological parameters every minute. In
addition, the perioperative anesthetic, surgical complications,
and perioperative drug administration were recorded in a case
report form. To ensure that no important information was lost,
the written information in the case report form was compared
with the entries in AIMS. With Structured Query Language
(SQL) (SQL Server 2014 Management Studio®), crude data
was extracted from the hospital’s database.
Near-infrared spectroscopy (NIRS)
The cerebral tissue oxygenation was measured at both lateral
sides of the forehead with near-infrared spectroscopy (NIRS)
by using NIRO-200 HX Hamamatsu® system, Tokyo, Japan
[16]. This system measures cerebral oxyhemoglobin (O2HB)
and deoxyhemoglobin (HHb) concentrations by emitting in-
frared light. Based on O2HB and HHb, the regional cerebral
tissue oxygenation index (O2HB/O2HB+HHb·100%) is cal-
culated, which is an approximated equivalent of the cerebral
blood oxygenation and is expressed as a percentage. Two
optodes, containing light source and light detector, were set
in a black holder before being applied on the forehead.
Applying the optodes away from the midline and away from
the lateral side of the frontal area was done to minimize/avoid
the measurement of the superior sagittal sinus and the tempo-
ral muscles. Immediately after the induction of anesthesia and
intubation, the probes were fixed on the supine-positioned
child. Then, the forehead was fully covered by aluminum tin
foil and pressure was applied to the tin foil to completely
enclose the optodes. This was needed in order to minimize
the signal to noise ratio, which is caused by environmental
(sun) light.
Anesthetic technique
The patients were anesthetized according to the local anes-
thetic protocol in which all patients were anesthetized with
8% of the inhalation anesthetic sevoflurane in 100% oxy-
gen followed by cefazolin (50 mg/kg) for surgical infection
prophylaxis, sufentanil (0.1–0.5 mcg/kg) and atracurium
(0.5–0.75 mg/kg) to facilitate oral intubation. Thereafter,
FiO2 was lowered to 40% before starting measurements,
and anesthesia was maintained using sevoflurane (ET 2.0–
3.0%). Furthermore, to mitigate the postoperative pain, a
local analgesic (max 3 mg/kg bupivacaine 0.25% with
1:200,000 epinephrine) was inserted in the operative re-
gion by the surgeon to block the terminal branches of
nasopalatine and greater palatine nerves. Before the end
of surgery, a loading dose for postoperative pain was given
according to local protocol (paracetamol 15–20 mg/kg,
morphine 0.1 mg/kg).
Positioning and head-neck-angle measurement
Rose position for surgery was applied by the surgeon by plac-
ing a rolled towel beneath the neck and/or proximal part of the
shoulder (Fig. 1) [5]. To measure the head-neck-angle a photo
was taken before and after positioning. The lens of the camera
was focused on predefined landmarks (acromion, tragus, and
canthus). To make the acromion clearly visible on the photo,
the tip of acromion was palpated and marked with a black
marker before taking a picture. A horizontal line was drawn
through the acromion and an additional line was drawn be-
tween the acromion and tragus. From these two lines, the
change in head/neck angle was calculated. Furthermore, a
vertical line was drawn through the tragus and a second ver-
tical line between the tragus and canthus (Fig. 2). From these
two lines, the change in head tilt angle was calculated.
Effect of head position on cerebral blood oxygenation
The primary outcome of the study was to assess the influence
of Rose position during cleft lip and/or cleft palate surgery on
cerebral tissue oxygenation.Mean cerebral tissue oxygenation
index (both left and right) over time were derived from the
models for measurements between 3 min prior to Rose posi-
tion and 10 min after Rose position. To assess the influence of
the Rose position, measurements before Rose positioning
(called “baseline measurement”: mean of the 3 min before
the Rose position) were compared with measurements after
Fig. 2 A straight line (true horizontal line) was drawn through the
acromion and an additional line was drawn between acromion and
tragus. A straight vertical line was drawn through the tragus and a
second line between the tragus and canthus. The same angles are
measurement before and after head adjustment
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Rose positioning. Measurement started when etO2 was < 50%
to ensure the true cerebral oxygenation.
There are no firmly established safety margins for cerebral
tissue oxygenation index-values in humans. However, animal
studies suggest that a threshold below 60% is associated with
intermediate risk and below 45% high risk for damage [17,
18]. Therefore, we defined a cerebral tissue oxygenation index
below 45% as severe low cerebral oxygenation.
Operation technique
All palate surgeries were performed by the standard treatment
protocol at our department.
Children with an isolated cleft palate underwent cleft palate
closure at 6–12 months. Children with unilateral/bilateral cleft
lip palate underwent simultaneous cleft hard palate closure
with a vomer flap and repair of cleft lip at the age of 3–
6 months. Subsequently, the rest of the cleft palate was closed
during a second intervention using a von Langenbeck tech-
nique preferably before the age of 12 months.
Neurological assessment
No standard neurological assessment was performed postop-
eratively. Neurological assessment by a neurologist was only
performed on indication.
Statistical analysis
Demographic and other data recorded on the paper Case
Report Form (CRF) were collated in IBM SPSS version 22
(SPSS Inc., Chicago, IL, USA) and analyzed with SAS v9.4
(SAS Institute Inc., Cary, NC). Descriptive summary statistics
of baseline and intraoperative data were presented as frequen-
cies and percentages for categorical variables and means and
standard deviations for continuous variables after testing for
skewness. Repeated measurements of saturation of the brain
over time were analyzed with a linear mixed model for con-
tinuous outcomes. This approach was specifically chosen,
since it does not require an equal number of measurements
per patient and provides optimal statistical power for the com-
parison presented here [19, 20]. A random intercept and a
random effect for time were included in all analyses to correct
for repeated measurement of the outcome. In a first analysis,
we included only time the change in position of the head. In a
second analysis, we also included etO2 and etCO2 at baseline
(i.e., the measurement of these values just prior to the change
of head position) as potential confounders, as etCO2 and etO2
influence the cerebral tissue oxygenation index [20, 21]. All
analyses of the left and right sides of the brain were performed
separately for each side. Results from the analyses will be
reported as differences due to hyperextension. Based on the
mixed model, we also estimated the mean cerebral blood
oxygenation just before the start of the procedure and for the
first 10 min during the procedure. These means were reported
in Fig. 4.
Results
Characteristics
A total of 34 children who underwent cleft lip/palate surgery
between May 2015 and May 2017 were included in the final
data analysis (Fig. 3). All children were ASA physical status 1
or 2. The majority of the population was male (61.8%, n = 21,
Table 1: Patient characteristics). The mean age at palate sur-
gery was 12.9 months (SD 9.583) and the mean weight was
9.4 kg (SD 3.0).
From the 34 children, 30 (88.2%) children underwent
cleft palate repair and 4 (11.8%) underwent cleft lip and
simultaneous hard palate repair with a vomer flap. The
mean operation time was 100 min (SD 28.2).
Of the 34 children, 17.8% (n = 6) were diagnosed with one
or more syndromes.
Physiological parameters
MAP, saturation, heart rate, etCO2, etO2, and temperature
were perioperatively collected. Those physiological parame-
ters are listed in Fig. 4. No clinically relevant changes were
observed in MAP, saturation, heart rate, etCO2, and etO2.
Table 1. Patient characteristics
Characteristic Patients
n = 34 (%)
Gender
Male 21 (62)
ASA classification
Class I 22 (65)
Class II 12 (35)
Mean age surgery (months) 12.9 (SD 9.6)
Weight (kg) 9.4 (SD 3.0)
Operation type
Cleft palate repair 30 (88)
Cleft lip and palate repair 4 (12)
Syndrome 6 (18)
22q11 deletion syndrome 2 (6)
Pierre Robin Sequence 2 (6)
Kabuki syndrome 1 (3)
Pierre Robin Sequence + Catel manzke syndrome 1 (3)
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Positioning and head-neck-angle measurement
By comparing the angles (head/neck angle and head tilt
angle) in baseline and extension positions (Fig. 2), the
change of head/neck angle and head tilt angle were cal-
culated. The mean head/neck angle and head tilt angle in
the baseline were respectively 25° (range 8°–50°) and
18° (range 3°–40°). The mean head/neck angle and head
tilt angle after positioning were respectively, 6° (22°–
32°) and 39° (25°–56°). This is a mean change of 20°
for the head/neck angle and a mean change of 24° for
the head tilt.
Effect of head position on cerebral blood oxygenation
To evaluate the impact of Rose position on cerebral blood
oxygenation, the cerebral tissue oxygenation index drop at
the time of the Rose position was compared with the cerebral
tissue oxygenation index drop during baseline and after Rose
position. The mean observed cerebral tissue oxygenation in-
dex during baseline was left 75 (SD 6.0) and right 75 (SD 7.9).
The mean observed cerebral tissue oxygenation index at time
of Rose position was 74 (SD 6.3) on the left side and 75 (SD
7.9) on the right side. The mean observed cerebral tissue ox-
ygenation index 5 min after Rose position was 73 (SD 7.6) on
Fig. 3 Flow chart of patient
inclusion
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Fig. 4 Physiological parameters. A: Saturation. B: Heart rate. C: Temperature. D: etCO2. E: etO2. F. Cerebral oxygenation (NIRS). G: Mean arterial
pressure. Time < 0: Baseline. Time = 0: positioning in hyperextension. Time > 0: Time after positioning
Fig. 5 Effect of hyperextension
of the neck on cerebral blood
oxygenation. Estimated values
(mixed model analyses) andmean
observed values of the NIRS
measurements (left and right).
Baseline (T < 0), Rose position
(T = 0) and the first 10 min after
Rose position (T > 0)
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the left side and 73 (SD 7.0) on the right side, and after 10 min
72 (SD 7.8) on the left side and 72 (SD 8.3) on the right side
(Fig. 5).
The mixed model analysis shows a significant drop at the
time of Rose position of − 4.25 (69–74 95% CI; p < 0.001)
and − 4.39 (69–74 95% CI; p < 0.001), on the left and right
sides, respectively. After correction for etO2 and etCO2, the
drops were very similar: − 4.25 (69–74 95% CI; (p < 0.001)
for the left side and − 4.39 (69–74 95% CI; p < 0.001) for the
right side. This means that, at time of Rose position, there was
a significantly greater cerebral tissue oxygenation index drop
compared with the cerebral tissue oxygenation index during
baseline and after Rose position (during surgery). Figure 5
shows the observed values and estimated values (mixedmodel
analyses) of the cerebral tissue oxygenation index from 3 min
prior to the Rose position to 10 min after Rose position. A
drop in saturation can clearly be observed at T = 0.
Severe low cerebral saturation events (cerebral tissue
oxygenation index < 45)
Severe cerebral desaturation events over a period of at least
3 min were uncommon in this study. In two patients, a cerebral
tissue oxygenation index lower than 45% was observed for
longer than 3 min on the left probe. One patient had one
episode of cerebral tissue oxygenation index < 45% for
6 min and one patient had four episodes of cerebral tissue
oxygenation index < 45% (1st episode: 6 min, 2nd episode:
7 min, 3rd episode: 7 min, 4th episode: 23 min). In both cases,
the cerebral tissue oxygenation index on the right probe was >
60%. Although a cerebral tissue oxygenation index of < 45%
could theoretically lead to neurological damage postoperative-
ly, none was observed in our patients. There were no clinical
signs of neurological sequelae on post-procedure control of
the surgeon. Therefore there was no indication for additional
neurological examination.
Discussion
To our knowledge, this is the first prospective cohort study to
investigate the influence of the Rose position on cerebral ox-
ygenation in children.
The mixed model analyses in our study showed a drop in
cerebral saturation at the time of Rose position of − 4.25 (69–
74 95% CI; p < 0.001) and − 4.39 (69–74 95% CI; p < 0.001)
on the left and right sides, respectively. Within infants, various
studies have looked at the impact of several head and body
positions on cerebral tissue oxygenation, either measured in
the midline or bilaterally, and did not find any significant
alterations in cerebral tissue oxygenation [23, 24]. In 24 pre-
term infants, Ancora et al. found that hemodynamic changes
after postural variations depend on gestational age [15]. Head
rotation in newborns with a gestational age < 26 weeks pro-
duced a reduction in normalized tissue hemoglobin index with
stable tissue oxygenation index. No significant changes were
detected in newborns with gestational age > 26 weeks. They
concluded that very preterm newborns may be able to com-
pensate a variation in cerebral blood volume and maintain a
stable cerebral oxygenation even when positioned in a way
that may produce vascular compression.
Liao et al. showed that by turning the head, frommidline to
lateral in supine positioned preterm infants, leads to a signif-
icant decrease in cerebral tissue oxygen saturations [25]. In
those studies, the decrease in cerebral tissue oxygenation is
mostly like due to cerebral venous blood pooling. On the other
hand, other studies found no difference in cerebral tissue ox-
ygenation in sequenced body positioning of infants [23, 24].
In contrast to infants, some significant results in adults were
found. Various studies showed a significant decrease of cere-
bral tissue oxygenation in anesthetized patients when body
position was changed from the supine to the sitting position
[14, 15, 26].
No human data exist for the threshold of NIRS for causing
brain damage. However, animal studies suggest that a thresh-
old below 60% is associated with intermediate risk and below
45% high risk for damage. In the present study, a cerebral
tissue oxygenation index event of 45% lasting greater than
3 min was taken for possible brain damage and poor neuro-
logical outcome [17, 18]. In two patients, a cerebral tissue
oxygenation index lower than 45% was observed for longer
than 3 min on the left probe. In both cases, the cerebral tissue
oxygenation index on the right probe was > 60% during this
period. A cerebral tissue oxygenation index < 45% could in-
duce neurological disturbance postoperatively, but there were
no clinical signs of neurological sequelae on post-procedure
control of the surgeon.
As we mentioned before this study showed a significant
drop in cerebral saturation at the time of Rose position. Baik
et al. reported cerebral oxygenation ranges of term infants
after birth [27]. At 10 min after birth, the 50th percentile of
cerebral oxygenation index was 75% (10th–90th percentile
range of 62–85). At 15 min after birth, 50th percentile of
cerebral oxygenation index was 73%. One would not imagine
that oxygenation becameworse at 15min after birth compared
to 10 min after birth. Considering that these numbers are near-
ly identical to the ones reported by the authors, it is not clear
whether the drop in cerebral oxygenation after positioning in
this study is truly significant physiologically.
The etCO2 is a reflection/surrogate of partial pressure of
carbon dioxide in arterial blood (PaCO2) [21, 28]. The cere-
bral autoregulation is based on controlling the cerebral blood
flow velocity, which is largely influenced by changes in etCO2
and only minimally by the partial pressure of oxygen in arte-
rial blood (PaO2) [21, 22, 29]. In other words, the cerebral
autoregulation is assumed to be more dependent on hypo/
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hypercapnia than on hypoxia. Therefore, in the present study
we included etCO2 at baseline (i.e., the measurement of these
values just prior to the change of head position) as a potential
confounder.
In some instances, high etO2 during baselinemeasurements
was administered. Prior to intubation, patients were exposed
to high content of FiO2, which is known to lead to an over-
shoot of cerebral tissue oxygenation index values [22]. It
would have taken more than 10 min for the FiO2 to stabilize
around 40%. Therefore, the influence of FiO2 could not be
ruled out. A longer duration of baseline measurement would
have been preferable, but unfortunately, that was not logisti-
cally feasible. To make the baseline measurement as reliable
as possible, we started the baseline measurement when the
etO2 was < 50%.
Several limitations exist in the present study with regard to
the measuring technique. 75% of the vascularization system of
the human brain consists of venous circulation and 25% out of
arterial circulation [30, 31]. This means that the ratio of ve-
nous and arterial blood volume has great effect on measured
cerebral tissue oxygenation values [21, 25]. Sorensen and
Greisen investigated the precision of NIRS and found intra
individual variations of 5.2% and inter individual variation
of 6.9% [32]. Furthermore, Hessel et al. compared two types
of NIRS devices and found a cerebral oxygenation difference
of 20% [33]. This difference might be due to a difference in
calibration of NIRS and manufactures use of specific algo-
rithm [34]. These studies imply that the NIRS devices are
not able to take biological variation between patients and pos-
sible shifts of blood compartments, before and after postural
change, into account. In our study, it was not possible to cal-
ibrate the NIRS device and the default calibration settings
were used for each patient. In addition, measured cerebral
tissue oxygenation might not always be a direct representation
of sudden change in body posture or physiology. This is due to
the time delay for the oxygenated venous blood to reach its
equilibrium [30]. This means that NIRS is a better application
for continuous measurement than the measurement of sudden
changes in body posture. Transcranial Doppler measurement
would be an alternative, because rapid changes in cerebral blood
flow could be measured and thus could be a good representative
of blood oxygenation by assessing the blood flow velocity
changes [6, 14, 35]. Therefore, comparable studies to the present
with transcranial Doppler would be a welcome addition.
In addition, the geometry of the child’s forehead and its
intravascular variability could have influenced our mea-
surement [34]. In some instances, the small forehead
made the application of large probes difficult and the pos-
sibility exists that sagittal superior sinus or temporal mus-
cles are incorporated in the measurement. Furthermore,
intraoperative manipulation of the head by the surgeon
and during setup of sterile field could have influenced
our measurements.
Sufficient cerebral blood supply is maintained by intra-
cerebral collateral flow even if flow in one or more arteries
is compromised and cerebral blood flow is kept almost con-
stant by autoregulation. This physiologic autoregulatory sys-
tem is a mechanism at arteriolar level, which ensures a con-
stant cerebral blood flow during fluctuations ofMAP [36–38].
However, extensive head rotation or extension may induce
intraoperative cerebral ischemia if collateral flow is insuffi-
cient due to congenital abnormalities. In this study, we did
not observe neurological disturbance in any child postopera-
tively but all patients were classified ASA 1 and 2.
A potential question is whether or not children with rele-
vant co-morbidity (e.g., neurovascular abnormality, congeni-
tal heart defects), that might increase their risk of cerebral
hypoperfusion, experience significant reduction in cerebral
tissue oxygenation during Rose position, and whether this
correlates with clinical sequelae. However, these patients were
specifically excluded from this study we think larger study in
children with serious morbidity in the future adds nothing
further because the influence of the Rose position on cerebral
oxygenation is already justified. Another interesting question
is whether this variation (drop in cerebral saturation) is a typ-
ical part of time under anesthesia for infants or as a result of
positioning. In order to understand this, it would be necessary
to include a control group in this study.
Conclusion
This study suggests that Rose position in children who under-
go cleft palate surgery leads to a significant decrease in cere-
bral tissue oxygenation. It is not clear whether the drop in
cerebral oxygenation after positioning in this study is truly
significant physiologically. Severe cerebral desaturation
events during surgery were uncommon and do not seem to
be of clinical relevance in ASA 1 and 2 children.
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